The ISO standard 14577 is challenged for its violation of the energy law, its wrong relation of normal force F N with impression depth h, and for its iterative treatments. The solution of this dilemma is the use of sacrosanct simplest calculation rules for the loading parabola (now F N = kh 3/2 ) giving straight lines for cones, pyramids and wedges. They provide the physical penetration resistance hardness k with dimension [Nm −3/2 ] and allow for non-iterative calculations with closed formulas, using simple undeniable calculation rules.
Introduction
We continue with our efforts since the early 2000 nds to convince ISO (International Standardization Organization) and the American branch ASTM (American Society for Testing Materials) to properly correct their ISO 14577 standard. This standard enforces the analysis of (nano) indentation curves to the whole materials sciences. However, conical or pyramidal indentation does not penetrate against a projected or iterated contact area with violation against the first energy law, which contradicts experiment. The diamond indentation rather creates the semi-angle dependent volume of the cone or the pyramid that is geometrically well known and available from all indentation compendia. A pyramid volume can also be calculated like a cone with its "effective cone angle", as repeatedly used in indentation compendia. Therefore, the mathematic calculation is indeed possible for the loading parabola that relates the force with the depth 3/2 . The physically and mathematically founded deduction of the parabola exponent 3/2 with the linear F N -h 3/2 plot is thus universally proved. It needs only the use of basic calculation rules that are sacrosanct to everybody. Any deviations from the exponent 3/2 of the loading parabola are thus experimental errors. Materials with gradients are no exceptions. They still require exponent 3/2 on h: tangents to the loading F N -h 3/2 plot (instead of straight lines in that case) provide the physical hardness (k-values) depth-dependent, which will also be valuable in these cases, as discussed in [1] for an ion implantation. The calculation rules are taught in public and private schools and cannot be argued against. Universal facts ensue throughout. Scientists, teachers, anonymous reviewers, editors, technicians, Certification Agencies, etc. must urgently stop with their believing in their errors of [2] [3] [4] and of ISO 14577. Their basic errors are the false exponent 2 on h and their violation of the first energy law. ISO etc. are still continuously exacting worldwide agreement. Actually, they think that the undisputed elastic and plastic deformations upon indentation can be created from nothing since 1939! Clearly, as the force-depth loading parabolas do not proceed with h 2 , as erroneously proposed since 1939 by Love [2] , 1965 Sneddon [3] , 1992 Oliver-Pharr [4] , ISO 14577, etc., their ISO-hardnesses and ISO moduli are multiply iterated but not calculated. Conversely, diverging empirical results were finally published since 2004 [5] and 2005 [6] after various preceding international lectures. The mathematically proved exponent 3/2 on h (Equation (1)) [7] that experimentally correlates excellently (R 2 > 0.999 -0.9999) had the advantage to physicochemical correctly identify and remove the various surface effects (including tip rounding). Importantly, it also detected phase-transitions with their onset data. But strange resistance arose against the iteration-less calculations. And surprisingly, this did not change after the break-through, when G. Kaupp DOI: 10.4236/ampc.2019.96009 105 Advances in Materials Physics and Chemistry elementary calculation rules quantified the universal fraction of applied energy that is responsible for the elastic plus plastic deformations with mathematical precision. We apply 20% of the applied work and use the proved exponent 3/2 on h. But 33.33% violation is still tolerated by using the false exponent 2. Only the proved calculation settles the violation of the energy law with the factor 0.8 (Equation (4)), but it is strictly connected to the exponent 3/2. This could again only be published after a large delay in 2013 [8] . It allows now a distinction between the applied work (by the instrument) and indentation work (the work for the vertical impression) when using the proved correct exponent (Equation (4)).
The final universality of the exponent 3/2 was mathematically proved with the most important, particularly elegant and straightforward one-page physical deduction [7] . It used only simple mathematical equations but could only appear with delay in 2016 [7] . These calculations proved the validity of the earlier amply verified empiric results and opened unprecedented new horizons with the first physical hardness that is the penetration resistance k [1] . Unfortunately, the undeniable calculation rules are still not widely appreciated, and the necessary standardization is certainly difficult for ISO ASTM for various non-scientific reasons, not to forget the liability.
The author's very successful non-iterative plots (F N against h 3/2 , Equation (1)) were unduly scolded as "Kaupp-fitting" [9] and must therefore now be called "Kaupp-plot" for not being mixed up with any "fittings", and as nobody else used it before. Such physical and precise plotting of the regression lines (correlations of always >0.999 -0.9999) of hundreds of materials after the competent elimination of initial surface effects detected numerous phase-transitions by kink discontinuities separating two linear branches with different penetration resistance slopes k 1 and k 2 (mN/µm 3/2 ) (physical hardness). This culminated in the determination of the first phase-transition energies [8] and, temperature dependent, phase-transition activation energies [10] .
As the still exacting of false exponent 2 on h by ISO 14577 cannot reproduce experimental loading parabolas, people tried with "excuses" by exponent fittings, polynomial and least squares iterations. Hardness was defined as F N over projected or iterated areas because the false exponent 2 on h was not removed [4] [9]. Unbelievably, authors, anonymous reviewers, editors, ISO-ASTM, and Certification Agencies did not even try to think about getting out of their mess with their unbelievable violation against the energy law. The present author was therefore forced to point it out in a more drastically way [11] . The exponent 2 was also defended by the prescription to start the analysis of loading curves only above a "minimal force value of 30 mN load for all solids" [12] . That means, the nano-part of the indentation by analysis of the "power function" should not be considered at all in nanoindentations. Or it has been claimed and imaged with very short log-log plots (their Figure 4 in [13] ) that the exponent 2 on h would be "validated" at high F N values. Such argumentation shows however little expertise in basic mathematics: all parabolas F N = k h n loose more and more of their flexure at increasing F N for all exponents n. However the k values of parabolas Advances in Materials Physics and Chemistry depend strongly on the exponent n and even worse, k is not a dimensionless constant, but its dimension is [N/m n ]. The requirement of equal dimension on both sides of every equation has been poorly disregarded. The same mathematical error is made with exponent fitting: for example [14] fits loading curves from zero (not removing the initial surface effect) to various indentation depths. He obtains thus very diverse broken exponents (e.g. n = 1.64533, or 1.75265, or 1.82723, etc. with respective "k-values" of 0.61897, 0.41377, and 3.0003 × 10 −4 , but without dimensions. Why did the anonymous referees and editors of that paper not stop the print of such nonsense? The same paper [14] tried to disprove the Kaupp-plot by totally falsely claiming that "Kaupp" would draw a line through three initial points of his initial surface effect (at a tip-rounding of 300 nm!) and cut it with the second linear branch extension in his imaged Kaupp-plot. But the cited "Kaupp" always eliminated and eliminates initial surface effects from regressions and he only considers the kink between the also in [14] clearly present first and second linear branches! Another unfair attack against the Kaupp-plot was by the above mentioned [9] , senior author Durst: these authors claim that the Oliver-Pharr [4] and ISO 14577 definition of indentation hardness as force over area would "theoretically confirm" the exponent 2 on h and thus disprove the Kaupp-plot. How can a definition of an iterated (with a total of 11 free parameters in two steps) "hardness" be the basis of a physical deduction? This is more of a juggler trick but not reasonable or scientific. Again, why did anonymous reviewers and editors not reject such publication? Also, finite element calculations cannot "confirm" the exponent 2 on h because they converge to h 2 , which of course cannot prove anything. Also, any claim that such FE-calculations would reproduce experimental results are incorrect, even if such claim was made with curves on different pages in the same publication (e.g. in [15] ). Such a claim was easily disproved by curve analyses in [1] . Despite such, unfortunately, continuing fights against the iteration-free mathematical treatment on the clear-cut physical foundation and mathematical proof [7] with closed formulas, the correct analyses opened unprecedented new horizons to the indentation technique. One cannot longer exact to the whole world a violation of the energy law; and one cannot deny the mathematical quantification of the indentation energy that is universally responsible for the work of elastic pressure plus all different pressure-following plastic events [8] . At the same time one must universally remove the falsifying exponent 2 on h and use the proved h 3/2 for the loading parabola [7] . There is now for the first time a physically founded indentation hardness that is the penetration resistance k with dimension [N/m 3/2 ]. It is simply obtained as the slope of the first regression line (Equation (1) or Equation (2)) always with correlation coefficient >0.999 -0.9999) of the Kaupp-plot before the first phase-transition onset. It provides also for the first time the checking of the experimental correctness of previous calibrating measurements [16] . We provide the easiest and fastest means for detecting hitherto unknown phase-transition onsets of materials and for the calculation of phase-transition energies. These are unprecedented and the subject of this paper. Phase-transition energies have also been calculated at different temperatures, which allows for the calculation of the activation energies of the phase-transitions [10] .
All of that is obtained with closed formulas, never using iterations or fittings.
Materials can now be qualified for their application limits with respect to mechanical and thermal stress, for avoiding catastrophic failures in practical use.
Examples are materials for various turbine materials in airliners, cars, ships, mills, bridges, buildings, roads, etc, etc. Clearly, the sudden first type transformations form polymorph interfaces. These increase the probability for the nucleation of catastrophic failures [17] [18] [19] . Their failures are generally termed as "ma- 
Materials and Methods
The own measurements were performed with a fully calibrated Hysitron Inc. points. It was necessary for avoiding any bias suspicion that had sometimes been expressed by anonymous Reviewers. Fittings or iterations whatsoever were never performed. The crystal structure models were calculated using the Schakal 97
program [20] . The polished strontium titanate samples (100), (110), and (111) were from Aldrich Chemical Company. Grade 80 isotactic polypropylene was from Imam Khomeini Petroleum Co, Tehran, Iran.
The own or digitized data pairs of F N and h were read into Excel (R) for the calculation and print of the Kaupp-plot and calculation of the regressions up to and from the at first roughly judged kink position after the cut-off of the initial surface effect points. This is exemplified in Figure 1 for aragonite, purposely with a larger initial effect than usual. In that case, the surface effect is primarily due to hydrated surface twins. The precise kink position is then calculated by equating y 1 and y 2 that contain the slopes k and axis-cuts F a (Equation (2)). The y denotes We repeat here the evaluation formulas from [16] for convenience. These contain all necessary correction requirements that might be necessary and are self-evident based on the physically deduced Equation (1) [7] . The factor 0.8 in Equation (4) settles the energy law violation [8] , but only for the correct exponent 3/2 on h (Equation (1)). The calculations of the phase-transition work were performed with 10 figures to avoid rounding errors. The tabulated values were then reasonably rounded. Equation (2) is used for interconversions between different units of the k-values (physical hardness) and for the values at the kink points or end points. This has been exemplified with the data in Figure 1 that were converted into the units of Table 1 .
(1)
The slopes of the different linear branches (Figure 1 Table 1) , showing the phase-transition kink unsteadiness onset by the kink and cut-off of the initial surface effects that include the tip rounding. lishing. All of these contribute to F a and have to be corrected for (Equation (2), Equation (3) and Equation (5)), but their varying values are not bulk materials constants and are thus not tabulated.
G. Kaupp

Results and Discussion
Various Types of Materials
Phase-transitions upon indentations cover all types of materials and the penetration resistances = physical hardnesses) of the two branches in their Kaupp-plots (they profit from the physical and mathematical proved Equations (1)- (7) . Typical examples are collected in Table 1 . All units are made equal by using Equation (2) with the corresponding units. 
Bond-Breaking of Polymers
The phase-transitions of organic polymers under mechanical load are initial bond-breakings into radicals. This requires relatively high energy if these primary cleavage products are not stabilized by substituents. Therefore, their phase-transition onset must relate to the bond energies of the weakest chain bond. Further reactions of the so formed radical pairs are manifold, but overall there is hardening by cross-linking, which is well known for the technical treatments of polymers, e.g. upon extrusions, etc. Table 2 collects the data of some linear polymers upon Berkovich indentation. Most of these are highly amorphous and their hardnesses (k-values) are low. An exception is isotactic polypropylene it-PP with high crystallinity and much higher k-values. This is however not so important for the C-C bond strength. It is nicely seen in Table 2 that the phase change onset (chain breaking) relates to the strength of the carbon-carbon bonds.
In the case of high density polyethylene (hd-PE) without chain substitution and isotactic polypropylene (it-PP) with slightly less efficient methyl-substituents, the strong unsubstituted C-C bonds exhibit similar bond energies and thus also similar phase-transition energies, much higher than those in Table 1 . The details with kink forces and depths depend only slightly on further properties of the materials. Substitution of the polymer chains with phenyl groups as in polystyrene Table 1 contains already the double phase-transition of calcite and it is well-known that several phase-transitions can occur consecutively at higher and higher loads.
Multiple Phase-Transitions
This has been shown with the depth-sensing macroindentation of sodium chloride up to 50 N loads with a Vickers indenter when 4 phase-transitions were detected. The thus experimentally detected 6 polymorphs formed their polymorph interfaces under load with the facilitated production of seeds for catastrophic breakages [17] . Further examples have been found by analyses of published macroindentations [22] . For example, sapphire has its second phase-transition at 12.8 N and 5.82 µm depth (not included in Table 1 ) and soda-lime glass has the third transition at 14.0 N and 11.7 µm depth (not included in Table 3 ) [1] . Importantly, phase-transitions are, of course, not achievable by technical one-point Vickers, Brinell, Rockwell, etc. hardness measurements. Interestingly, already microindentations (mN to low N-ranges) are a rich but hitherto undetected field of consecutive phase-transitions. Table 3 shows it for the standard materials soda lime glass, aluminium, and silicon, the latter on two different faces (another example is calcite in Table 1 ). The h end and W applied /mN values indicate only the experimental range. The undoubtedly amorphous soda lime glass exhibits two endothermic phase-transitions at the microindentation range (sharp kinks with linear branches in the Kaupp-plot) and exists thus in 4 or together with the macroindentation 5 polymorphic forms, the structures of which are subject to further studies. We can only conclude from the absence of cracks or pop-ins that there are different degrees of density under load that increases the penetration resistance from state to state. The transition energies of the first two transitions of soda lime glass vary by a factor of roughly 4, which is quite remarkable. Aluminium requires about 12.1 and 60.4 mN load for its first and second phase-transition and its proper use as a calibration standard ends already below the values of the first one. Some onset-depths are still in a range of nanoindentations. Also the transition work for both transitions is similar to the one of much harder sapphire and smaller than the ones of pinewood (Table 1) and PE, PP, and PS (Table 2 ). This reflects the weak metallic bonds of aluminium that facilitate rearrangements in the crystal lattice.
The transitions of cubic silicon (Ed3m), exhibiting an exceptional pop-out of the unloading curve, found more theoretical interest. Several polymorphs (including an amorphous phase) were detected by electron diffraction, Raman spectroscopy, and electric conductance onset from the loading curve [10] . The obtained values from the papers, as cited in [10] , are similar to the ones found more easily directly from the Kaupp-plot of the loading curve in Table 3 . Particularly helpful in that respect are the in-situ current flow onsets at about 5 mN of the metallic Si II [23] , which agrees with the first kink discontinuity in our analysis. This electrical unsteadiness confirms again the first phase-transition onset under the (001) face of silicon. We observe however 3 phase-transitions (5 polymorphs) from the physical Kaupp-plots (Table 3) . And the data from the two different faces exhibit considerable differences. The first transition is hidden at the scales of 50 and 100 mN. It is thus helpful that also a nanoindentation was published in [24] for the (001) face. The variation of the 3 endothermic transition energies is by a factor of 28 for the (001) indention and there were no pop-ins but only "fine cracks emanating from the corners" at 50 mN load/displacement.
It can be assumed that the boron-doping does not make much difference to the mechanical properties of silicon. We can, therefore, compare the (001) with the (100) phase. The five polymorphs of the silicon in the loading curve up to 50 mN load have been located for the first time together with the energetic information.
The striking differences in the endothermic phase-transition energies at the different faces require a crystallographic understanding. This can be obtained by considering the crystal structure, similar to the procedure, as developed in [16] . Figure 4 and Figure 5 image the striking differences. Figure 4 under (001) exhibits large channels for migrations that facilitate 
Further Face-Dependent Phase-Transitions
The multiple phase transitions of silicon (Berkovich) are also face specific and this is described in detail in Section 3.3, Table 3 and under three faces (Table 4 ). These measurements require the high precision that is only available with the physical regression analysis without iterations or data fittings.
The crystal of α-iron on (100) and (110) exhibits different exothermic phase-transition values. For strontium titanate with three endothermic phase-transition energies, two of them have closer together values, but the lowest and largest values are far apart. This is again not consistently reflected by the different onset forces and onset depths ( Table 4 ). The reasons are the different crystal packing, similar to the reasoning with silicon (Table 3 ) and α-quartz in [16] . The understanding of the exothermic phase-transition of α-iron rests again on the fact that the penetrating pyramid interacts orthogonally with its opposing skew face at the semi-angle, which is θ = 35.26˚ for the cube corner. A rotation from the surface faces around x and y by ±35˚ yield these skew surfaces. The eight by 35˚inclined faces around the three-sided indenter pyramid are completely represented with only two images for symmetry reasons of the bcc cubic crystal under (100) ( Figure 6 ) and under (110) (Figure 7) . This facilitates the understanding of the differences for crystallographic reasons. The crystal face on (100) and the skew faces under it in Figure 6 The analogous analysis has been successful with the exothermic phase-transition of α-SiO 2 with cube corner in [16] , where 4 different faces were studied: the absence of channels retains exothermic negative transition energy. Everything is thus well understood by the straightforward analysis in the case of exothermic phase-transition.
As already shown for the endothermic phase-transitions of silicon in Section 3.3, the analysis of the strontiumtitanate using Berkovich with θ = 65.3˚ is equally successful (not imaged here, due to many images that are required). 
Phase-Transition Energies of Superalloys
The sudden first order sharp phase-transitions form polymorph interfaces that are shifted away from the indenter after their onset when the load increases.
These polymorph interfaces are preferential sites for the nucleation of large far-distant cracks. This has already been imaged in connection with the multiple consecutive phase-transitions of sodium chloride in [17] . These circumstances are most important for the occurrence of catastrophic failures of superalloys at work. Clearly, polymorph interfaces must be avoided with materials under mechanical and thermal stress. We must therefore urgently look for phase-transition onsets and transition energies of published loading curves of some superalloys (also called entropic alloys). This shall convince industries that they must complement their Vickers, Brinell, Rockwell, etc. hardness measurements with physical depth-sensing macroindentations' control. Only these provide the necessary phase-transition information. The problems might occur primarily after multi-1000-fold load and unload both mechanically and thermally. The thermal stress calculation requires the activation energy of the phase-transitions that can also be obtained by physically correct temperature dependent indentations [10] .
The transition energies W trans in Table 5 are purposely given in µNnm/µN units, in order to show that such phase transformations can also here occur at comparatively low loads and depths. There were no "pop-ins", which could disqualify The hardness of materials is again a poor guide for judging the phase-transition onset force ranges and the phase-transition energies. For example, the by far best alloy in Table 5 while the W transition ratio is 291/87, respectively. The Newton-range is almost reached with Vileroy-105. Its first transition is at highest force and also the transition energy is highest, whereas the well-known iron-based superalloy surmounts the kink force only at its second phase-transition but with much lower transition energy. The magnesium based alloy is inferior and the copper-based alloy has two phase-transitions at still lower forces and transition energies.
The here achieved maximal loading forces (0.5 N, corresponding to HV 0.05) are at or below the lower level of industrial Vickers, Brinell, Rockwell, etc. hardness measurements. These are certainly highly standardized by ASTM, but unable to detect phase-transitions. It is to be expected that further as yet undetected phase-transitions will occur at the much higher loads (for example from Vickers hardness HV 0.5 to HV 10) in all cases.
The field of superalloys for technical constructions is widespread and extremely important, and so is the improvement of the stability of superalloys when being at work. Any alloy must only be admitted to forces below its first phase-transition onset. Both the onset force and the transition energies must be as high as possible. We present here a simple systematic way to improve the en- 
Conclusion
We showed here that undeniable sacrosanct basic calculation rules prove the physically founded Equation (1) The presented measurements indicate again that phase-transitions of materials under mechanical or thermal stress facilitate catastrophic breakages [17] . ISO and ASTM must thus normatively require the detection of the onset and transition energies for all technically used materials. And for safety reasons, admission of all materials must be restricted to forces (temperatures) well below their first phase-transition. For thermal stress, the activation energy of the first phase-transition [10] must be calculated and its constancy after the long running routines equally secured. The ISO 14577 standard must urgently be changed. In the meantime, Certification Agencies must stop using ISO 14577 for the certification procedure of industrial companies. Only that stopping will enable them to perform the required use of the calculation rules with depth sensing (macro) indentations for the search of phase-transition onsets and energies. This is, of course, additionally required after the standard stretching and bending tests for all materials. It will also be necessary upon the legally prescribed maintenance routines and particularly for a posteriori tests after the recent catastrophic events of e.g. broken off propeller blades in front of turbines, etc. It will clarify the reasons and avoid further risks with replaced materials for safety reasons. This paper shall help in that endeavor. Future research must also routinely include reliable low and very low-temperature indentations of technical materials to search for embrittlements (no pop-ins allowed) and additional low-temperature phase-transitions. First examples at −63˚C [26] and −113˚C [27] are already available, but the proved mathematical analyses were not used. We try cooperation at an applied instrument with such capabilities and continue with worldwide lecturing on this important subject.
